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PROVISIONAL SPECIFICATION, 

No. 3474, A.D. 1942. 

Improvements in or relating to the Production of Optical Lenses 
and other Mouldings in Plastics. 



I. Artiicb William Kingston, a 
Biitisli .Subject, of The Old Will House, 
UenhaiK. Buckinghamshiie, do hereby 
ilec'lare the nature of this invention to be 
,% as follows : — 

This hiveiition consists of improvements 
in or relating to the production of optical 
lenseii and other mouldings in plastics and 
is concerned mainly ^vith the production of 

10 lenses, prisms and like optical elements 
from transparent tliermoplastic nuiterials 
such as ihcsc orgiinic polymers (e.g. 
nieihyJ methacrylate, polystyieue, poly- 
vinyl c blonde) which in their finished 

Jr» form are optically clear, uniform, stable 
and resistant to distortion or change of 
iiiolecular structure. , C 

In Specifico/iion No. 4^,398 leference is 
made to i\ method of ra«.nufactuiing optical 

2<t devices* in wliich a transparent thenno- 
plastic material is given, by a .?iiigie 
jiioulding opei'ation, the shape and higiily 
pulished sui-face necessary, and in. patent 
application No. 801 /40 (Serial No. 

2S 544,472) a i-otary press is described for the 
jnoukling of articles say of thei'moplastic 
m:Ue*:iiil Avherein a heated die is first 
hiought into light contact with the mate- 
rial i)i Hi: co-openvcing mould (also heated) 
to preheat the material, is then caused to 
exert c. predetermined pressure on the 
material and is finally witlidiawn from 
contact with the material, 

Bi'oiidly speakuig the present invention 

35 lelates to the type of operations referred to 
in these earlier patents. It will be under- 
stood that in the moulding opei'ation for a 
lens, prism or like optical element, the 
metal dies (generally of special st-eel) are 

40 machined, ground and polished with a very 
high d^*ee of accuracy so as to have sur- 
faces which will produce in the moulded 
article corresponding surfaces of that very 
high degree of optical acciu-acy associate 

45 with glass lenses like those of spectacles, 
micit)scopes, telescopes, photogi-aphic 
Giimeras or cinema projectors. It is con- 
[Price Is,] 


templated in the present invention that 
the mjvterial inserted into the mould or die? 
shall be a solid workpiece of thermoplastic 50 
material of the t3rpe above referred to. 

•During the original solidification ov 
. polymerisation of the thei'moph^rstic mate- 
rials they adopt a molecular structure 
which is normally uniform and free from o5 
internal strains. It has been found that if 
in the final moulding process the material 
is subjected to distortion or like strain, the 
optical properties of the finished element 
may be interfered with and it is an object ^} 
of the present invention to overcome or 
avoid such distortion or strain in the 
moulding operation. 

According to. this invention, in the pro- 
duction of lenses, pnsms and like optical 60 
elements from transparent thermoplastic 
materials, a solid workpiece is prefonned 
by cutting, grinding and like mechanical 
operations to a shape closely approximat- 
ing to its final shape and the preformed 70 
workpiece is then subjected to the final 
moulding in accurate dies to ensm-e that 
the lens, pvism or othej* optical element has 
the shape and surfaces of the optical 
accunicy demanded. 75 

In a pj'efen'ed arrangement the \vork- 
piece is not only preformed appj'oximately 
to its final shape by eatthig, gnnduig and 
like mechanical operations, but the work- 
piece is also subjected to a polishing 80 
operation to remove all roughness, still 
with the object of bringing the woi-kpiece 
as closely as possible to its final fonn. 

In the moulding operaticin it is essentia] 
to avoid the formation of air pockets, that 85 
is to say, that the preformed workpiece 
must be of such a shape that during the 
moulding operation free outlet for air is 
allowed towards the peripheiy of the die 
parts. Thus in the case of the convex sur- 90 
face of a lens wliei'c the corresponding 
matrix is concave, the radius of curvatm^e 
of the preformed workpiece must not be 
greater than the radius of curva'ture of the 
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JWfttnx ; It sJioiiJcl be slightly loss ihc.n Uie 
radius of curvature of the mat fix. If for 
example, tlie raclius of curvatuie of ' the 
_ concave matrix were 10 cc, the radius of 
curvatwe of the convex surface of the 
woilcpiece might be sav 9.5—0.8 oc 

Conversely in the case of a'coiicave sui'. 
tace m the lens or other optical eJenienf. 
Uie racUus of ctirvatm-e of tiie profoinietl 
10 .vorkpieee ..hould be slightly grc^iter than 
the convex surf;ice of f he clie. 

This relation between j-adius of curva- 
ture of xvorkpiece and mdius of ciu'vatnre 
ot niauix IS achieved in the prefoniiin^ 
15 operation on the workpicce bv cuttim? 
gimding or polishing the ' M orknie?e 
accordingly. 

In many moulding operations on soft- 
M ""l ^^"'^'^'^ luaterials extnnion takes 
-0 place at or near the periphery of the dies. 
According to this invention extnisibn is 
avoided as far as possible bv two 
measures : — * « " 

or . /^^ '"^^f ^^'o^kpiece is made of such a 
total volume that no part of the volume 
mil be squeezed out ai-ound the contiguous 


edges of tJie die parts, and ' 

. (b) at tliose parts of the preformed work- 
piece which are to form the peripheri^ or 
edge^s of the final moulded opLnf ebmenT % 
the dimensions and shape of the pref^m^' ^ ^ 

thi^^^iij^ 

In the case of a piisu. of rrianeular 
«-oss.sectio„ one of ( l,e die.s ,„ay have I v' 
shaped matrix- whib the oilier die it fl,* 
and .vhile the V-shaped matrix is if "he 

nrW, ' M^"""''''?".'"^*!"'"^^ the finished 40 
prism, the -vorkpieee -.vliich is inserted 
tlierem hrs a dihedi^il angle very XhtW 
less tJian that of the niatifc to p.we t h« 
fomrtion of any air pockets dn^i^" fe 
mouklmg operation. Similar conddenv! 45 
tions apply to the formation of ,iri*ans hav 
mg moi-e than three sides ' 

•^"•iSii!?''' ^"^^ tl'^J' of March. 194-' 
BOULT. WADE & TENNi^ 
111 & 112, Hatton Garden ' 

London E.C.I, 
Chartered Patent Agents 


PROVISIONAL SPECIFICATION 
No. 427, A.D. 1943. 

Improvements in or relating to the Production of Optical Lenses 
and other Mouldings in Plastics. 


D , -^r?F'' WiLLUM KiNGSTOK, a 

British Subject, of The Old Mill House, 
oO Denham. Buckinghamshire, do Jierebv 
declare the nature of this invention to be 
as foUov's : — 

_ Thi.s invention consists of improvements 
in or relating to the production of optical 
55 lenses and other mouldings in plasticl and 
IS an improvement on or modification of 

iLir'f^^^°\r '^^^•"I'ed in Provisional 
Speoifioation No. .3474/42. Aceordine to 
the present invention, in the production of 
60 lenses pnsms and like optical elements 
from transparent thermoplastic mateiial a 
solid woikpiece is preformed bv cutting 
grinding and like mechanical oper.itions 
i-r i° ? f ^J'^^y approximatmg to its 
65 final .shape, this blank is preheated to a 
temperature suitable for moulding and is 
then .subjected to the iinal moulding in 
accurate dies to ensure that the lens, prism 
OT other optical element has the shapj and 
iO surfaces of the optical accuracy deminded 
In the remainder of this .specification, the 
dcscnption will be confined to the mann- 
tacture of optically accurate lenses 

According to a further feature of this 
invention, the ches are .so mounted in the 


press that one at least of'the dies is under 
resilient or yielding pressiue (e.g. un£ 
the pressu.^ of a ^werful comprS 
spring) so that durmg the cooling aTd^^ 
sequent shmikage of the moSld woX 80 
piece the movable die may follow „n the 
shrmkage. With this arrangement Vere 
IS no meclianical stop to the follow un 
movement of the movable die : the finished 
workpiece itself is the only stop wid the 85 
precise dimensions of the^finished work 
piece are determined by the weight oi^ 
volume of the prefoimed blank 

According to a further feature of this 
invention, the die^i are mounted in jackets SO 
m the press and the periphery of ttedS 

n ?h« r.f ^ (cylindrical 
m the case of a circular lens) ; each jacket 
IS provided with conduits foi heating flS 

in n f '^^'^ '^""""S like water 95 
so that during the cooling period the e.x- 
traction of heat from the work-piece takes 
place through the dies themselves The 

■^T^ T- ''™"'i is not subjected to 
water eoohng and this arrangement pr*. loO 
vents the formation of a solidified and 
Jiafdoned annula,r zone at the periphery of 
the cooling workplace which Slight inter- 
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fere witii the efficient follow up of the rnov- 
able die during the final s^tages of the copl- 
inc operation. . 

In the case of bi-convex or bi-concave 

5 lenses the thickness of the lens may vajy 
considerably between its centre ana its 
periphery and the cooling of the die is so 
arxXMi'^ed that the extraction of heat from 
the cooling workpiece is substantially urn- 

10 fonn over its area or throughout its 

volunie. , , ^ £ -u 

The nr-ture of this invention and of sub- 
sidiai-y features thereof will be appreciated 
from the following description by way of 
15 example of the method and apparatus used 
in the production of lenses from siieets of 
methyl uiethacryiate polymer or from 

polystyrene : — , . ^ . i • i 

From a flat sheet of appropriate thick- 

20 ness circular blanks are cut out by a 
trepanning cutter. Each blank is mounted 
in a chuck of a latho and one face is 
turned to the appropriate curved surfa9e 

• by means of a shaped cutter and the sur- 

25 fioe thus cut may be ground. The circular 
blank is then revei-sed and the other face 
is similai'ly cut and ground to the appro- 
priate curved suiiace. Water is a suitable 
lubncant for the cutting operation, btops 

30 niAV be arranged to operate on the carriage 
of the Icvthe to ensure lhat the weight of 
the prefoi-med blank is correct. Tlie weight 
and ;or dimensions of the preformed blank 
may also be checked. , , 

S5 Each preformed blank is pohshed on a 
rot iry buffing machine the objecte bemg 
to remove the dust-retaining cAvities to 
obtain close contact with the dies and to 
facilitate examination of the siu-faoe for 

4i» dust or other contamination or for surface 
mtarkings. 

The moulding press in its main essen- 
tials is of standard form. The jacket for 
+he lower die is mounted in the lower part 

45 of the press (in this example the movable 
part). The jacket for the upper die is 
mounted on the bottom of a plunger which 
is accurately guided in a cylinder (com- 
pression pot) on the upper part of the press 

50 and between plunger and cylinder is a 
• powerful compression spring tending to 
force the upper die downwards. Each die- 
holding jacket is provided i^dth fluid-cir- 
' culating conduits so cbsposed in the jacket 

55 that the application of heat to the die or 
the extraction of heat from the die takes 
place through the back of the die; while 
the operative faces of the die are machined, 
around and polished mth a very high 

60 degree of accuracy. The back face of each 
die is also accurately ground to give per- 
fect contact with the correspondingly 
ground surface of the jacket . 

Electric ovens are used for preheating 

65 the blank and these ovens are preferably 


arranged within easy reach of the pi-ess 
operator. For example, for lenses uf a 
maximum diameter 1 to 2 inches ovens 
may be mounted on the framework of the 
press and electrically heated, the tempera- 70 
ture being controlled by rheostats. A clean 
lens blank is conveniently gripped in suit- 
ably shaped tongs contacting only with the 
penphery of the blank and that part of the 
tongs holding the blank can be introduced 75 
mto the ovonl In the case of methyl 
methacrylate blanks the preheating tem- 
perature in the case of some lenses may be 
as high as 130**— 140** C. although this de- 
pends to some extent on the size of the 80 
lens. In the case of polystyrene blanks 
the preheating temperatme may be as high 
as 100** C— 110° C. Means are employed 
to ensure that the adr in the ovens is clean. 

The fluid conduits in the die jadtets ai'e 85 
arranged to be put in communication with 
either a steam manifold or a cooling water 
manifold. 

The operation of moulding is as 
follows :— -Both the dies and the blanks 90 
are made optically clean. The blank after 
preheating is deposited ui ihe lower die 
which is embraced by the sun ouud or hous- 
ing and by the normal operation of the 
press contact is established between the 95 
blank and both dies wliich at this i toge are 
heated zo the moulding teaipei-ature. The 
pressure in the case of methyl methacrylate 
blanks is about 2 tons per square inch and 
in the case of polystyrene blanks is about 100 
1 ton per square inch. The thnes of mould- 
ing at the high temperature above referred 
to vary somewhat with the dimensions of 
the lens but may be 2 to 3 minutes. Then 
the steam is turned off and the die-holding 105 
jackets are cooled by the circulation of 
water through the conduits. It is at this 
stage the upper die makes the follow up. 
In other words the pressure is maintained 
during cooling and the action of the com- 110 
pressed spring on the upper die forces the 
surface of the dies to remain in perfect 
contact with the moulded surfaces of the 
lens until solidification is complete. With 
lenses of 1 to 2 inches diameter the time 115 
of cooling under pressure may be 3 to 3i 
minutes. 

When the press is opened, the bottom 
die is lifted out of the suiTound by 
mechanically raising it. The moulded 120 
lens has no flash. The edges of the peri- 
phery may be slightly rough and may be 
readily smoothed. 

The follo\\'ing points should be noted m 
connection ^vith the improved process 125 
described : the process enables optically- 
accurate lenses and other optical goods to 
be manufactured from plastics in a closed 
mould and without the use of a positive 
stop, in such a way that the finished 130 
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iu'fcicle;. aic free fron, hivunfuJ mi^i. I 
let-.m ,i,eiv ^^upe: e.nCl optifv! .hi • n-, ;. 

lies ,n The roonlding .>per..1ion. T].e „re! 

we TO be formed entirely bv J ie n^t 
snre, froia a flat blank of-\,„ife„ i^tJ^ 

geneiall^v be found to contain inlein-.l 
stress pfttt-em*. of «. hf ,,nful ehar«n^« It 
K of course to be note<] that iho fo^.t ion 

tion does net tent, to stress the i.vUe'i^ii -s 
does n moHlding open-.tien of suffi^eut 

tio^ the fl!4t, vhe:-e tJie r.iaterial is ..-.< 
fi-ee to flow oul of vhe mouH \nof e 
advantage of the nse of the curved p efona 
1. that thereby the formation of rjr 


35 


40 


in li.e iiiould is picvonfed. 

iHr,mng,he .,„.veu-.ent ,.f the diri ^ 

li e pla.uc ri, .shrink.. .so„.e«" t 

le^onbed rlc... - on-.M. of the'die.s v.i h'll-c 
ni..ti^.:J .a,-,,a{:..i„cl until {he pmdnct 

uould tend to harden f^rst. thus t.reveni 
1^ the follo«.„p pre.,sure from n ^ n^^! 

rh., required final thickness of li,c lens 
n wv be piencterainerl q„ite exa.tiv by 

S ulii''^ tic reduction in thic-kness 
coding ''"'•'^'^"^"t •''"•infc'ge dnring 

.iVf y^i^^? * TENNANT. 
Ill & 112, Hatton Garden. 

London. E.C.I, 
Charteied Patem Agents 
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COMPLFrE SPEC IFICATION. 

Improvements m or relating to the Production of Oplical Lenses 
and other Mouldings in Plastics. 


Bntjsh Subject, of The Old MiJl Ho..«e 
Denlmni Bucki,^hu.mshire, do he^bv 
65 declare the natui-e of this invcati..„ -ncl 
m what ina^nner the ...me in to b" p^' 
formed to be particnlarlv desc-ibcd ^nd 
a^ei« in ^„d by the following stafe 

''^ irJ^^ inyfntion consists of impvovciaen*.s 
I ^ 'V'fv*'' Prodnction of opu" ] 
eases and other mouldings in plasties an 
IS concerned mainly with the%rodnc«on 
75 f.„!?T'' P"'"'' I'"^* optiJelen'ent" 

such as those organic polymers fen- 
methyl methaerylat*, pol^t^jfe wlv 
vmy] chloride) which in t^ fl,ufti 
fonn are optically dear. um7orni JJabTe 

80 and resistant to distortion or chkn^ if 
molecular structure. tuange ot 

In Patent Specification No. 410.398 
reference is made to a methorl of manu: 
foctm-mg optical devices in which a Tnm" 

85 parent thermoplastic mat*,ial is git-en bv 


-.u gle moulding opemtion, vhe k ipo and 

Riteat Specificrtion No. , "L" 

P>e«s IS described for fhe men line of 
wi "Sn ZL£ 90 

ii^I^"nw'^^f^.the'^':^ 
Si.£i::r-^^''^--^'--*-^H 

reht'eT tlfi.'P?*'"'"/''^ P'^^^"* 

in t W •■ ■P^ f operations refeired to 

« ill if . I^'**"* specification!.. It lou 

si^e^l ^I^n (generally of 

Sil Sh'"!' ground and 

poiisnett with a veir high decree of H« 
accuracy so as to have surfaces S wHI 
produce m the moulded article eonesoond 
mg siufa^s of that veiT high dS „f 
optical accm-acj- a.,sociited ^vit^ gfc.:; 
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lenses like those of spectacles, micro- 
scopes, telescopes, photographic cameras 
or cinema projectors. It is contemplated 
iu the pi'esent invention that the material 
J5 inserted into the mould or die shall be a 
solid workpiece of thermoplastic material 
of the type above referred to. 

During the original solidification or 
polymerisation of the thermoplastic mate- 
10 rials they adopt a molecular stnicture 
which is normally uniform and free from 
internal strains. It has been found that 
if in the moulding process the material is 
subjected to distortion or like strain, the 
15 optical properties of the finished element 
may be interfered Avith and it is an object 
of the present invention to overcome or 
avoid such, distortion or strain in the 
moulding operation. 
20 According to this invention, in the pro- 
duction of lenses, prisms and like optical 
elements from transparent themioplastic 
materials, a solid workpiece is preformed 
by cutting, grinding or like mechanical 
25 operations to a shape closely approximat- 
ing to its final shape and the preformed 
workpiece is then subjected to the final 
. moulding in acciirate dies to ensure that 
the lens, prism or other optical element has 
30 the shape and surfaces of the optical 
accuracy demanded. 

In a preferred arrangement the work- 
piece is not only preformed approximately 
to its final shape by cutting, grinding or 
35 like mechanical operations, but the work- 
piece is also subjected to a polishing 
operation to remove all roughness, still 
with the object of bringing the workpiece 
as closely as possible to its final form. 
40 In the moulding operation it is essential 
to avoid the formation of air pockets, that 
is to say, the preformed workpiece must be 
of such shape that during the moulding 
operation free outlet for air is allowed to- 
45 wards the periphery of the die parts. Thus 
in the case of the convex surface of a lens 
where the corresponding matrix is con- 
cave, the radius of curvature of the pre- 
formed workpiece must not be greater than 
50 the radius of curvature of the matrix ; it 
should be slightly less than the radius of 
curvature of the matrix. If, for example, 
the radius of curvature of the concave 
matrix were 10 cm., the radius of curva- 
55 ture of the convex surface of the workpiece 
might be say 9.5 — 0.8 cm. 

Conversely in the case of a concave sur- 
face in the lens or other optical element, 
the radius of curvature of the preformed 
60 workpiece should be slightly greater than 
that of the convex surface of the die. 

This relation between radius of curva- 
ture of workpiece and j-adius of curvature 
of matrix is achieved in the preforming 
■65 operation on the workpiece by cutting, 


grinding or polishing the workpiece 
accordingly. 

In many moulding operations on soft- 
ened or plastic materials extrusion takes 
place at or near the periphery of the dies. 70 
According to this invention extrusion is 
avoided as far as possible by two 
measures : — 

(a) the workpiece is made of such a total 
volume that no part of the volume will be 75 
squeezed out around the contiguous edges 

of the die parts, and 

(b) at those parts of the preformed work- 
piece which are to form the peiipheries or 
edges of the final moulded optical element, 80 
the dimensions and shape of the preformed 
workpiece are brought within very close 
limits to the final shape. 

There is no " flash " in a lens made by 
this invention. 85 

In the case of a prism of triangular 
cross-section one of the dies may have a V- 
shaped matrix while the other die is flat, 
and while the V-shaped matrix is of the 
exact configuration required in the finished 9^) 
prism, the workpiece which is inserted 
therein has a dihedral angle very slightly 
less than that of the matrix to prevent the 
formation of any air pockets during the 
moulding operation. Similar considera- 05 
tions apply to the formation of prisms 
having more than three sides. 

According to the present invention, in 
the production of lenses, prisms and like 
optical elements from transparent thermo- 100 
plastic material a solid workpiece is pre- 
formed by cutting, grinding or like 
mechanical operations to a shape closely 
approximating to its final shape, this blank 
is preheated to a temperature suitable for 105 
moulding and is then subjected to the final 
. moulding in accurate dies to ensure that 
the lens, prism or other optical element has 
the shape and surfaces of the optical 
accuracy demanded. In the remainder of 110 
this specification, the description will be 
confined to the manufacture of optically 
accurate lenses. 

According to a further feature of this 
-invention, the dies are so mounted in the 115 
press that one at least of the dies is under 
resilient or yielding pressure (e.g. under 
the pressure of a powerful compressed 
spring) BO that during the coolii^ and 
consequent shrinkage of the moulded 120 
workpiece the movable die may follow up 
the shrinkage. With this aiTangement 
there is no mechanical stop to the follow 
up movement of the movable die : the 
finished workpiece itself is the only stop 125 
and the precise dimensions of the finished 
workpiece are determined by the weight or 
volume of the preformed blank. 

According to a fmther feature of this 
invention, the dies are mounted in jackets 130 
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in Ji| press ami ihc ijeiipliery of :he <Uev 
embr.K*d by a ^tmg housing (cvli id '.^ 
in the case of a drcufar lensj T •) l S 
IS provided w,t.h condnits for J.eui.J fl w 

the exf«.c;ion of hsU h-om the v.orhniece 
t^kes plo.c-e -hrough the dies ihe. ;.sii,ef 

mrdene: .,„mJ.r zone r.t fhc pe h^^ry i 
(ae cooling v. :,i];;,ieee v.-Moj» A f • 
fere -iie earfeut f.Jlc.- «p «f 

raoya ..!e ,ae ^bving the f3.^.^1 ,t.:.w ,,i ■« 
coolmc: ope:v.ti ;n. * " 

In the'c-rse cf bi-convox r,nd bi- .n-vve 
len::e3 the i]u,l:„e.,., of the isns r .A ^ 
bet',veen its centre f,,td id 
penphciT and i],e cooling of (he die . 
..rranged that the exlraclicn of he I f 
the coohng .yorkpiece is substanlidiv i 
iX„e""'' o' tliroughclt'i; 

The mture of this invention <^n<! of sub- 

wTh^tir weir. Ld 

from the folIo-Aing description by way of 
example of the znothod end apparatus used 
in the production of lenses fro„, sheet" of 
methyl methacrylate poljauer o. f'.m 
polystjTene reference being made to tl e 
accomnanjing d.u« iiigs in «^ich •— 

Figure 1 is .v perspective view of the 
moulding apparatus, "® 

■..^PJ-^ ~ }^ P^^'-^Pective view partly 
m section shoMing the lens-boklinff ton^I 
and electric heating device, ^ 
Figuj-e 3 is a detail view in vertical sec 
tion Illustrating the operation of eivl 
iiig the lens from the press, ' 

r.I!^?it " ""^"^'f^ ^tional view of 
part of the press including the top and 
bottom dies and their associated parts - the 
Jens being under pressure. 

From a flat sheet of appropriate thick, 
ness circular blanks are cut^ out by a 
revolving trepanning cutter. Each blank 
IS mounted in a chuck of a lathe and one 
ft^ce IS turned to the appropriate cui-v^ 
surface by means of a shap^ cutter =wd 
the surface thus out away be ground. The 
circulai- blank is then reveiled and thi 
o^^her face is similarly cut and giCd to 
the appropriate curved surface. Water h 
a suitable lubricant for the cutfine onera 
tion Stops may be ananged t7o^r'te' 
on the carriage of the lathe to ensurffit 
the weight of the preformed blanl! et! 
reet. Ihe weight and /or dimensions of the 
prrformed blank may also be checked 

Ea*h preforme-I blank is polished' on a 
rotary buffing machine, the objeers be"n^ 
to lemove the du^t-rotaining cavities to 
obtain close contact ^^ith the dies and to 
f..cilitRte e-vannnRtion of the .surfu-e for 


con; aiiiinr, tion or for surface 


ciijoi oi- otlier 
r.irrkings. 

Ti)e moulding pre,s in its ,,-.un cssen- 
i> Oi .standard ff-nn. The cyiin.hical 
housing or surroniul 10 and jacket U 

love, pavt of ihc prcv. (in thi, exun le 

'"'H-^ke^ 14 £r 
■^c. i.i.j,c! ,.ie I.> i.j ;..or.ntc,-| on .]:e b.>lt..,n 

'n <-;.i.n..e' I, (co.:.pre...i«. p.,t) on the 
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75 


of -.lit 


ill-! t 


' 1. — ■■ > iiM between rliin. 
^ ^ P^vc:f.l co..p,i;S, 

■pmi; 2b .cndmg io L,^e_\he ,.ppc{- die 15 


100 


11. ..11 u:j j .'ie io. e/ tlie-l.-vldiaw iacW 

Ihe upper die-l.oldii,^ j.-eker 14 is 

eondlis'siX 

the extraeuon of Iier.t frcir the die t 
ph.oe through the back of t e ^Te 
operative facev of the dies are i "4hied 
ground ftnd polished with a ve y S 
clegiee of accuracy. The back face of each 
die .s al^ aceuititely giound to give 4?- 
fect confc^t Arfth the conespi ndii^ly 
ground smface of the jacket. ^ 

Llectiic ovens 23 are used for preheating 
the lom-bknks 24 and these ovei^ are 
wefenvbly an-anged ^rfthin ea.sy \Xh ot 
he pres.s operator. For example for 
lenses of a maximum diameter 1 to 2 

hS th. t ' press and electrically 
neated, the temperitture being oontrollerf 
by rheostats 26. A clean lens-flaSi feeoS 
yeniently giipped in suitably .shapSl t'C 105 
27 contacting only Mith the periphery^ 
t t.:f .P""* ^i^^ iong, hold- 

oTen T.^t, ^ introduced tnto t!he 

Want tl T^'^Vf ^ aiethyl methacrylate 
blank the preheating temperature in the lirt 

.Jf. '- •—^40 G. although th s depends to 
^ome axtent on the size of the lens.^ I„ th^ 
case of polystyrene blanks the p ehe^tW 
- tempeiuture may be as high a* 100»-n^ 

SV if «!»P to ei^m* that the 
an m .he ovens is deivn. 

The fluid conduits in the die jackets irA 

ed i? c-ommuiiiS;^,: 

Eofwring to Figure 3, the lower die I' 
IS coupled by a rod 30 to a yoke 31 v^ticT 

the moulding operation is coinpletd S 
the movable part.J3 is lowered (bv the 
.s .ndml hj draulic ge.„ ) the hand- lever 33 
luay be raised to eject and to pro.^ „p rhi m 
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90 


115 
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lower die 12 within the housing 10 and 
thus eject the finished lens. 

The opcmtion of moulding is as 
follows :—Both the dies 12 and 15 and the 
6 blanlts 24 are made optically clean. The 
blank 2-4 after preheatuig in the oven 23 
is deposited in the lower die 12 which is 
embraced by the surround or housing 10 
and by the* normal operation of the press 
iO 34 contact is established between the blank 
24 and both flies 12 and 16, the jackets of 
which, 11 and 16, at this stage are heated 
through the steam conduits 20 and 22 to 
the moulding temperature. The pressure 
16 in the case of methyl methacrylate blPvnks 
is about 2 tons per square inch and in the 
case of polystyrene blanlts is about 1 ton 
per square' inch. Tlie times of moulding 
at the high temperature above referred to 
20 -vary somewhat with the dimensions of the 
lens but may be 2 to 3 minutes. Then the 
Bteam is turned oif and the die-hplding 
jackets 11 and 14 are cooled by the circula- 
tion of water through the conduits 19 and 
26 21. It is at this stage that the upper die 
15 makes the follow up. In other words 
the pressure is maintained during cooling 
and the action of the compressed spring 18 
on the upper die 15 forces the surface of 
30 the dies to remain in peifect contact irith 
the moulded surfaces of the lens 24- until" 
solidification is complete. With lenses of 
1 to 2 inches diameter the time 
cooling under presswe may be 3 to 3J 
36 minutes. 

When the press is opened, the bottom 
die 12 is lifted out of the surround 10 by 
mechanically raising it. The edges of the 
periphery may be slightly rough and may 
40 be readily smoothed. 

The following points should be noted in 
connection with the improved process 
described : the process enables optically- 
accurate lenses and other optical goods to 
45 be manufactured from plastics in a closed 
mould and without the use of a positive 
stop, in such a way that the finished 
articles are fi-ee from harmful internal 
strain,, are of desired thickness, and will 
50 retain their shape and optical characteris- 
tics unimpaired for an indefinite time 
despite the usual temperature and atmo- 
• spheric changes. 

One result of preforming the blank very 
55 nearly to the final curvature is that very 
little material remains to be moved by the 
dies in the moulding operation. The pre- 
form in general is sufficiently close to the 
final curvature so that each face of the lens 
60 only requires reduction by the moulding 
operation to a slight extent. This reduc- 
tion is accomplished, the preheated die 
being at correct temperature, by a slight 
radial flow outwards from the oenti-e, with- 
65 out the formation of harmful internal 


Btrfess pjvttems whereas, if the lens curva- 
tures wei'e to be formed entirely by die 
pressure, from a fljit blank of uniform 
thiclmess, in a closed mould, the product 
would generally be found to contain in- 70 
ternal stress patterns of a harmful charac- 
ter. It is of course to be not«d that the 
formation of the curved preform by a 
cutting operation- does not tend to stress 
the material as does a moulding operation 75 
of suflficient magnitude to form tlio curved 
surface from the flat, where the material 
is not -fi-ee to flow out of the mould. 
Another advantage of the use of the curved 
preform is that thereby the formation of 80 
air podtets in the mould is prevented. 

Further, the absence of a fixed stop 
limiting the • movement of the die is im- 
portant, because of the obsei-ved fact that 
the i)lastio material shrmks somewliat dur- 85 
ing cooling, and with the process herein 
described close contact of the dies with the 
material is maintained until the product 
has finally sot, which is impossible when a 
fixed stop is used. In this connection the 90 
method of cooling the blank uniformly 
throughout iU surfaces by extracting heat 
through the backs of the dies, is imjwrtant 
because if cooling took place through the 
sun-oimd the peripheral portion of the lens 95 
would tend to harden fii-st, thus preventing 
the follow-up pressure fi'om maintaining 
close contact with the entire curved sur- 
faces of the lens. ^ .a , 

The required final thickness of the lens 100 
may be predetermined quite exactly, by 
making the preform of a calculated weight 
and volume together with knowledge, 
readily gained by experience with different 
materials, of the reduction in thickness 105 
which ^vill result from the pressure under 
heat and the subsequent shrinkage during 

cooling. , , , J J 

Having now particularly described and 
ascertained the nature of my said inven- 110 
tion and in what manner the same is to be 
performed, I declare that what I claim 

is : — . - 

1. The method for the production oi 
lenses, prisms and like optical elements 116 
from transparent .thermoplastic materials 
such as methyl methacrylate polymer or 
polystyrene in which a solid workpiece is 
preformed by cutting, grinding or lilte 
mechanical operations to a shape closely 1^0 
approximating to its final shape and the 
preformed workpiece is then subjected to 
moulding in accurate dies to ensure that 
the element has the shape and surfaces of 
the optical accuracy demanded. 125 

2. A method as claimed in claim 1 m 
which the workpiece is not only preformed 
approximately to its final shape by cutting, 
grinding or like mechanical operations 
but is also subjected to a polishing opera- 130 
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aJI roughness 


prior . to 
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tion to remove 
moulding. 
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